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C BY-NC-Abstract Lead sulphide nanoparticles were prepared using a precursor and dual sources methods.
The composites were fabricated by stabilizing chemically synthesized semiconductor PbS nanocrys-
tals into laurylmethacrylate and ethyleneglycol dimethacrylate matrix in the presence of tri-n-octyl-
phosphine. PbS nanocrystals were dispersed in toluene as a compatible medium for the
polymerization and cross-linking of poly laurylmethacrylate networks. The nano-sized particles
and polymer composites were characterized by XRD and TEM. Possible formulations and incor-
poration of these PbS nanoparticles in polymer matrix have been discussed. The reported lead sul-
phide nanoparticles into tailered polymeric system show greater uniformity and stability.
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ND license.1. Introduction
The preparation and characterization of different semicon-
ductors have gained considerable attention due to their non-
linear, luminescent, and other useful physical and chemical
properties (Qing et al., 2003; Daniel et al., 2009). Nanomate-
rial semiconductors have many particle size dependent optical
properties and proved to be tuneable light absorbers and
emitters in optoelectronic devices such as light-emitting
diodes and quantum-dot lasers (Huynh et al., 2002, 2003a;
Talapin et al., 2010).
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semiconductor material science and technology (Ding et al.,
2003; Daniel et al., 2009). Among the inorganic nanoparticles,
lead sulphide semiconducting nanoparticles have received
great attention because of their potential uses as photonic
material and Pb2+ ion-selective sensors (Huynh et al.,
2003b). PbS nanoparticles incorporated or impregnated on
polymer matrix were found to have potential applications in
electroluminescent devices, such as light-emitting diodes and
optical devices such as optical switches, as they combined the
advantages of both a low-dimensional system and PbS nano-
particles-polymer composites (Huynh et al., 2002; Talapin
et al., 2010). The lead sulphide composites have provided
highly functionalized nanoparticles that can be modiﬁed via
various simple polymer reactions involving the monomer
group (Allon andPeidong, 2010). So the synthesis of PbS poly-
mer nanostructures is a meaningful objective of the current
scenario (Adam et al., 2009).
Herein, we report the synthesis, characterization and
impregnation of lead sulphide semiconducting nanoparticles
onto polymer matrix by precursor solution and dual source
methods.
2. Materials and methods
2.1. Chemicals and materials
All the reagents including N,N dialkyl amine, anhydrous meth-
anol, trihydrate lead acetate, oleylamine, tri-n-octylphosphine
(TOP), tri-n-octylphosphine oxide (TOPO), laurylmethacrylate
(LMA), ethyleneglycol dimethacrylate (EGDMA) andAzo-bis-
isobutyronitrile (AIBN) were of analytical purity, purchased
from Aldrich-UK and were used without further puriﬁcation.(A)
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Figure 1 XRD spectra of PbS nanoparticles prepared by (A and B
B = 80–82 C] and (C & D) dual source method, [temperature range,2.2. Instrumentation
X-ray diffraction studies were performed on a Bruker AXS D8
diffractometer using Cu-Ka radiation. The sample were
mounted ﬂat and scanned between 20 and 80 in a step size
of 0.05 with a count rate of 9 s.
Transmission electron microscopy (TEM) was carried out
with a CM-20 transmission electron microscope operating at
200 kV. The samples were prepared by the 10 min sonication
of the incorporated nanoparticles in the polymer matrix and
were dropped on the TEM grids with 0.2 mm syringe.
2.3. Syntheses of PbS nanoparticles by precursor solution
method
2.3.1. Preparation of n-dithiocarbamate complex of lead (A)
N,N dialkyl amine (2 mol) was dissolved and stirred in 40 ml of
anhydrous methanol at 0.00 C for 15 min followed by slow
addition of CS2 (1 mol), previously dissolved in 10 ml of meth-
anol in dialkyl amine solution with constant stirring for
20 min. Then 0.5 mol of lead salt (trihydrate lead acetate or
lead nitrate) dissolved in 40 ml of distilled water was
added through dropping funnel slowly over the period of
40–45 min. The precipitates were ﬁltered and washed with
methanol three times and dried under vacuum. This gives the
formation of n-dithiocarbamate complex of lead herein after
called as (A).
2.3.2. Syntheses of PbS nanoparticles
In a sealed 100 ml three neck ﬂask, 1.00 g of complex (A),
30 ml of oleylamine and 2.00 ml of tri-n-octylphosphine
(TOP) were stirred together at 60–62 C for 1 h and degassed
with nitrogen at room temperature. This results in the solutionB)
0
200
400
600
800
1000
1200
1400
1600
1800
2 - Theta - Scale
In
te
ns
ity
 (a
. u
.)
D)
0
500
1000
1500
2000
2500
20 30 40 50 60 70 80
20 30 40 50 60 70 80
2 - Theta - Scale
In
te
ns
ity
 (a
. u
.)
) precursor solution method, [temperature range, A = 60–62 C,
C = 270–275 C, B = 350–355 C].
Figure 2 TEM images of PbS nanoparticles impregnated into polymeric matrix prepared by precursor solution method.
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The solution is reacted for 2–10 min and then cooled to
30 C. Methanol is then added to induce precipitation of the
PbS nanocrystals and then the precipitant is removed via cen-
trifuging. The composite material is then washed in methanol
twice, centrifuged and ﬁnally redispersed in toluene. This
yields a puriﬁed PbS nanocrystal.
PbS nanocrystal samples were removed after 10 s, 2 min
and then 10 min and injected into ethanol to quench the
growth. The solutions were then puriﬁed by centrifuging and
re-dispersing in toluene. Samples for transmission electron
microscopy measurements were prepared by diluting 1 ml of
a puriﬁed solution with 10 ml of spectroscopic grade toluene.
The same experiment was repeated at the temperature of
80–82 C.
2.4. Syntheses of PbS nanoparticles by dual source method
Lead oxide (98%) and technical grade tri-n-octylphosphine
oxide (TOPO), (1:2 molar ratio) were magnetically stirred in
a round bottom ﬂask under N2 atmosphere at 120 C for
30 min and was degassed under vacuum for 5 min after sealingthe ﬂask. The PbO suspension becomes highly viscous because
higher PbO:TOPO ratios induce gelling of the suspension at
120 C.
Sulphur dissolved in TOP (1:2) at 80 C, 30 min dissolution
time, was quickly injected in the ﬂask while the temperature al-
lowed to decrease to 100 C into the above reaction mixture
and observed for the growth of PbS nanocrystals. The reaction
mixture was then quenched by pouring the product in cold eth-
anol. Excess precipitated PbS was obtained by centrifuging
and the supernatant was re-precipitated with minimum
amount of ethanol. The obtained precipitates were then dis-
persed in n-hexane. The excess sulphur was separated and
nanocrystals of PbS were further washed thrice with dry etha-
nol. The product was further puriﬁed by re-crystallization in n-
hexane. Up to 1.5 g of product can be obtained from a 50 mL
reaction. This experiment was performed at two temperature
ranges i.e. 270–275, and 350–355 C.
2.5. Impregnation of PbS nanoparticles into polymer matrix
The synthesized PbS particles were dispersed into laurylmeth-
acrylate (LMA) monomer with tri-n-octylphosphine (TOP)
Figure 3 TEM images of PbS nanoparticles impregnated into polymeric matrix prepared by dual source method.
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cross-linker was added to QD-monomer solution (1:4 v/v).
The initiator azobis-iso-butylnitrile (AIBN) (<1% (w/w))
was added and ﬁnal solution was transferred to glass slides
for thin ﬁlms formation and polymerized in an oven at 70–
75 C for 2 h. The product obtained was ﬂuorescent, transpar-
ent and ﬂexible.
3. Results and discussion
Powder X-ray diffraction patterns of PbS nanoparticles pre-
pared by precursor solution method are given in Fig. 1A and
B. Low temperature impregnation of lead sulphide particles
shows peak broadening of the diffraction lines than the
impregnation achieved at higher temperature. Broader peaks
in XRD measurement suggest small particles diameter in the
powder.
XRD spectra of PbS nanoparticles prepared by dual source
method are given in Fig. 1C and D. Almost same diffraction
patterns, with no peak broadening, are achieved for lead sul-
phide impregnation onto polymer matrix for tailoring temper-ature of 270–355 C. All the diffraction peaks can be indexed
to face-centered cubic phases of PbS with calculated lattice
constant a= 5.91950, b= 5.91950, c= 5.91950 and alpha =
90 comparable with the values given in the literature (JCPDS
No. 002-1431). The diffraction peaks indicate the formation of
nano-sized PdS particles. The peaks at 2h values of about 25,
30, and 43 correspond to the PbS.
Different TEM images of polymer matrix anchored PbS
nanoparticles prepared by precursor solution method are
shown in Fig 2A–E. The images show that the nanoparticles
are almost cubical morphology, which is consistent with the
ﬁndings of Ding et al., 2003 and Tieyu et al., 2006. It can be
seen that the nanoparticles are agglomerated and the morphol-
ogy of the particles are almost non-homogeneous. This also
shows that polymer matrix impregnated lead sulphide particles
are more towards small size.
The TEM images of the as-obtained PbS nanoparticles pre-
pared by dual source method are shown in Fig. 3A–E. The
morphology of the PbS nanoparticles is mainly square shaped
sheets. However, what is most interesting is that the square-
shaped PbS nanoparticles formed during this process. The
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nized into chain-like pattern up to 1 lm or more in length.
The different TEM images in Figs. 2 and 3 show that sizes
are well deﬁned and uniform, however they are in the nanome-
tre range i.e. <100 nm. This approach provides a means of
overcoming the problems associated with the colloidal and
other polymeric particle stability. This concept of nano-cubic
syntheses and modiﬁcation could easily be extended to other
metals, alloys and semiconductor, creating colloidal nanopar-
ticles with well-deﬁned structures and sizes with controlled
functionality. In this study, the nano-cubic structured nano-
particles of PbS are incorporated uniformly to the designed
polymer lattice.
4. Conclusion
PbS nanoparticles have been prepared using a precursors and
dual source methods. This incorporation of the PbS as nano-
particles shows the stability and functionality into the tailored
polymerix matrix.References
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